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• 	 Legislation . 
• 	 Climatic conditions . 
• 	 Firing temperatures . 
• 	 Brick standards . 
• 	 The level of mechanization. 
It is evident that there is a technology gap between South Africa and the developed 
countries in brick manufacturing. Most of the production in these countries is from 
highly automated tunnel kilns whereas 60% of bricks in South Africa are produced in 
clamp kilns. There is little doubt that a move towards tunnel technology is inevitable 
for the South African clay brick industry. Such a move is, however, long term and the 
interim objective of the industry should be to improve energy efficiencies of existing 
technology. 
The options fac ing the South African brick factory are thus; 
• 	 To carryon business as usual in the face of rising energy prices and 
increasingly stringent legislation, 
• 	 To invest capital in tunnel kiln technology, or 
• 	 To improve the energy efficiency of existing technology to optim urn levels, 
using the savings to fund more efficient technology. 
Energy Savings Potential 
It is unrealistic to expect every factory to improve energy efficiency to the lowest 
specific energy consumption levels in South Africa. In order to estimate the potential 
for energy saving, and improved average figure has been selected between the 
current average and the best practise. If factories reduce energy consumption to this 
level. an overall reduction of energy requirements of 32'% will be realised, saving the 
indust ry approxim ately R 139 mill ion per year. 
If factories change technologies to more efficient methods, such as installing tunnel 
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total of energy could saved, saving of  186 illion 
Some barriers ntial savings 
\11; High capital 
Lack of incent 
\11; Low Y 
change. 
bricks. 
\11; Lack of infrastruct




Various rgy saving opportunities were identified during the the study. 
savings 
instance; tariff switching, power factor correction, load 
ent. and load shedding. 
\11; Supply, and handling of coal. 
Correct ope rat Ion and maintenance 
Insulation of ducts and 
\11; Reduction of scrap. 
\11; Pr ction f perforate bricks. 
\11; Additives to 
\11; OptimiSing the moisture content of the clay. 















• 	 Experiment with ideas for saving energy. 
• 	 Join the Clay Brick Association in order to liaise with other brick makers and 
solve common problems. 
The clay brick industry needs to combine efforts in the area of energy efficiency. The 
Clay Brick Association can playa role in: 
• 	 Broadening its membership base . 
• 	 Collecting data on brick manufacturing. 
• 	 Supporting and encouraging research. 
• 	 Arranging demonstration projects on new technologies and good practise. 
• 	 Establishing ties with overseas brick organ isations. 
• 	 Organis ing seminars and workshops . 
The government can provide ass istance by: 
• 	 Co-funding of a seminar. on energy and brickmaking . 
• 	 Co-funding of demonstration schemes which could result in the more effective 
use of energy in brick-making. 
• 	 Joint resea rch on more energy effective technologies. 
Opportunities for demonstration projects include: 
• 	 A simple energy managem ent program for clamp kiln factories. 
• 	 Use of alternative energy types . 
• 	 The production of highly perforated bricks. 
Opportunities for joint research could include 
• 	 Fast firing methods. 
• 	 Additives to the body of a brick to reduce firing energy requirements. 
• 	 The development of perforated bricks. 
• 	 A locally designed energy efficient kiln . 
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2. LITERATURE REVIEW 
A literature survey was undertaken to establish the extent of previous research, both 
locally and internationally, on the subject of energy management in the clay brick 
industry. 
Specific inform ation on the industry in South Africa such as employm ent figures, 
overall production, output, energy use etc, published statistics from the Central 
Statistica l SeNices (2) and the South African Energy Database of the Institute for 
Energy Studies (1) were consulted. Further information came from articles and reports 
on previou s studies of the industry. 
Overseas information was obtained from government departm ents as well as from the 
outputs of energy efficiency schemes. The International heavy clay industry journal, 
Ziegelindustrie International , provided information on trends in international brick 
making. 
2.1 The energy situation in South Africa. 
The primary energy types consumed in South Africa are, coal , crude oil , natural gas, 
hydro, nuclear and renewable energies. Of these, coal has the highest consumption , 
72% of the total as indicated in figure 1 (3) , 
I HYDRO 0.1% 
NUCLEAR 1.6% 
CRUDE OIL 14.8% 
INATURAL GAS 1.7% 
I COAL 72.3"10 











Coal is either used as a primary energy form or converted to secondary energy types 
such as electricity, gas and liquid fuels. Ninety percent of electricity is generated from 
coal with the remainder being produced by nuclear and hydro operations(4) . Coal is 
also used to produce liquid fuel products and gas. It is therefore instructive to 
examine the consumption of total net energy, or final energy. This is done in figure 
2 (1) . 
BIOMASS 1% 
I ELECTRICrrY29%­ COAL33'%. 
I LlaulD FUELS 34% I 
Figure 2. Total final energy consumption in South Africa - 1993 
There are SIX main energy consum mg sectors in South Africa. These are: commerce, 
industry, mining, transport , domestic and agricultu reo The industrial sector, which 
includes the manufacturing sector, is the main energy consumer accounting for 47% 
of the total energy consumption. The situation is shown graphically in Figure 3 (1). 
[ AGRICULTURE 4% 
DOMESTIC 9% I 
MANUFACTURING 47% 
TRANSPORT 26% 
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therefore, to examine 
ptlon of industrial sector therefore wil! 
energy consumption of country. It 
industries with with a view to 




industry namely; i i ferrous 
prod basic icals, non-
together account for 90% of consumption .
Industrial classification 
,A.II econom ic activities can be classified in the "Standard i strial Classification"(SIC) 
of Central Statistical In the classifications(5), the clay brick industry 
classified under "Other structural non-refractory clay products" 
(SIC wh falls under the group heading of "Other non-metallic mineral 
products" (SIC ). prevIous classification placed clay brick industry in the 
simply "Structural clay products". Ngoasheng(6) 
calculates the clay brick industry accounts for approximately 80% of energy 
ption of the I clay group \Nlth refractories consuming . Most of the 
for this study obtained under this old crasslfication and the energy 
consumption of refractories ust be accounted OL
2.2.2 
obtained the Sout Database(1) the 
manufactunng ccnsumed inerals" 
group consumed 67 PJ of industry energy 
of for leaVing 38 as the the Structural clay 
subsector. If clay brick Indu accounts for 80% of this, energy ption 
of clay brick industry is PJ. S this figure rectly measured and 












Table 1. Energy consumption per industrial sector and fuel - 1993 (PJ) 
SIC MAJOR GROUPS COAL lIaUID GAS ELEC BIO-MASS TOTAL 
FUELS 
21 Coal 000 2.71 8.67 11.38 
23 Gold ahC ur anium 2.49 1 18 0.42 80.52 84.6 1 
2. Melalore 6.22 4 . 15 23 .... 33.81 
25 O ther 0 .3 5 0.05 5.32 5.72 
TOI.31 mtntng 8.71 8.39 0.47 11 7.95 0 135.52 
30 1-4 Food 35. 55 8.47 0.61 17.30 15.83 77 .58 
305 6evef3ges 75 1 0.38 008 2.62 10.56 
306 Tobacco 040 0.02 0.45 0 .87 
311-3 TeXTiles 6.07 0.G8 4 17 1.12 12.04 
3 14- 5 C loitung 0.15 0.13 1.27 1. 55 
316 Learner 0 .95 0. 31 1 28 
317 Footwear 001 0.41 0.42 
321 -2 Wood exel. IU lflllUie 2.55 0.5G 0. 58 3.50 4.57 11 .76 
323 P;]cer -'nd cracue's 4791 0 10 0 31 13.74 1.28 83.34 
325 PrinTing 0. 11 0. 02 0.27 0.40 
332 Ae/cneues 130.39 13.08 0.51 51 .53 195.51 
334 BaSIC Cnol!mlC.J iS 54 72 0.45 ,07 14 79 71 .03 
335 O thel cne rnle.)l:; 2.77 1 11 0 54 10.98 15.50 
337 Rubber 2 S 1 u. 5 1 0 05 210 5.57 
338 P I.15 I1CS 034 004 0. 76 2 51 3.68 
341 GIJ SS 0. 16 l S 8 156 3.03 6.73 
342 Olller non-rr>el.Jilrc rr.m era ls tl4 17 7 61 4.58 10. 84 67.20 
35 1 Felfou5 melals 1522 1 2.41 .]268 62 .18 249.48 
352 f'Jon -rerrou s me/al s 3 76 03 7 0 .67 11 .98 1708 
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2.2.3 Energy intensity 
The energy intensity of an industry is defined as the ratio of its energy consumption 
to the value added. Figure 4 compares the energy intensities of selected industries 
for 1993. 
70-( 








Iron and Steel Structural Clay Industry Average 
Cement Pulp and Paper 
Figure 4. Energy intensities of major Industrial groups for 1993 
Comparison of energy intensities highlights the industries for which energy costs form 
a significant part of production costs and that might have the most scope for improved 
energy efficiency. The structural clay sector, which has an energy intensity five times 
that of the industry average , clearly falls into this category. 
2.3 Production 
Competitiveness makes factories reluctant to divulge their production figures and there 
is no official figure for total production . A report in the Sunday Times (8) places 
production capacity at 4.2 billion bricks per anum and current production at 60 to 80 
% of capacity, that is between 2.5 and 3.5 billion bricks per year. An article in 
Engineering News (9) confirms this. giving a figure of 3.2 billion bricks. These articles 
both quote the Clay Brick Association as a source. 
The prod uction trend for the past 15 years is shown in figure 5. The graph is based 
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alone, however. For example, there are no established limits to the amount of free 
quartz in clay, although excessive free quartz may produce cracking due to the (.'( to 
~ expansion at about 580 0 C. 
Investigations into the composition and behaviour of brickmaking clays tend to be quite 
general in nature. The tests done include a mineralogical composition by x-ray 
diffraction, a chem ical analysis, and a particle size analysis. After these tests, sample 
briquettes were made up and fired to determine thermal expansion and ceramic 
propert ies. These tests are performed under ideal laboratory conditions. 
2.6 Technology 
South African brick factories can be separated into clamp kiln (interm ittent) and non 
clamp kiln (continuous ) factories. Clamp kilns are labour intensive operations and 
generally not as energy efficient as the non clamp kilns. Non clamp kilns require more 
capital expenditure initially for their construction but are more energy and labour 
efficient than clamp kilns . The main types of non clamp kilns used in South Africa are 
tunnel, transverse arch and Hoffmann kilns. 
Some 80% of bricks produced a e non face and semi face bricks and 80% of these 
are made in clamp kilns (11 ) Since clamp kiln factories make only non face and semi 
face bricks, this means that 60% of all bricks are made in clamp kilns. The reason for 
this is the favourable climate for open air operations as well as the relatively low 
capital investment required for clamp kiln operations . 
2.7 Labour 
The labou r intensity of the brick Industry vanes with the technology used. A non 
clamp kiln is generally more capital intensive than labour intensive , and a clamp kiln 
the other way around. Labour costs for clamp operations are approximately 40% of 
production costs and for non clamps as low as 20%(6). 
According to the Census of Manufacturing 1988(2), 32 836 people were employed in 
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Most tunnel kilns fire with natural gas although there are kilns using pulverised coal 
and wood planings. The factories using solid fuels claimed fewer firing problems and 
a better product since switching fuels. and also had a lower specific energy 
consumption. The moisture content of the solid fuels is critical and the burner and fuel 
handling systems are more complex and expensive. The main disadvantage of solid 
fuels is seen to be the particulate emissions from the combustion process and the 
report recommends more work is done on improving the efficiencies of natural gas 
firing. 
The average specific energy consumption for tunnel kilns was fou d to be between 
1.5 and 5.5 MJ/kg fired product. 
The type of intermittent kiln used in Australia is the downdraught type. The method 
of operation for these kilns is shown in figure 6 and a typical firing cycle is shown if 
figure 7. 
tVent opened tot cocHinO 
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Figure 6. The Downdraught Kiln(21 ) 
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3. DESCRIPTION OF THE CLAY BRICK INDUSTRY 
3.1 Key players 
We can define the key players of an industry as any person or organisation who has 
a material interest in that industry. As with any industry, the brick industry supports 
many "sub industries" by creating a demand for supplies, machinery and services. 
The industry itself is in turn dependent on customers for turnover. 
The key players in the clay brick industry are: 
• The manufacturers. Made up of the individual factories and the large groups 
of factories. 
• The Clay Brick Association (CBA). The CSA is the industry association for 
the brick industry. Its chief function is to provide a forum for discussion of 
mutual problem s faced by members. The maintaining of quality standards in 
brick manufacture IS of primary importance. 
• Researchers. The CSI R, Pretoria Technikon and University of Cape Town 
amongst others perform analyses on clay to determ ine mineralogical 
composition and firing characteristics. 
Soilcon is a private company that tests the physical properties of the 
finished product in accordance with SASS standards. 
Research into the actual brickmaking process does not take place 
formally in South Africa although a few brick makers experiment on their 
own. Currently Eskom are involved in examining microwave assisted 
drying and firing. 
• Energy suppliers. The major suppliers of coal, electricity, gas and liquid fuels 
also have a stake in the industry. Most of these suppliers have liaison 
personnel to advise clients on the use of their energy. 
• Equipment suppliers. Most of the equlpm ent used is imported. Local 
companies act as agents and offer technical backup and advice. 
• Customers. Merchants and large building companies are the main customers 
of brick factories with private individuals taking small quantities. Since transport 
adds significantly to the cost of the bricks, a customer will usually buy from a 
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Each operation IS described in more detail below. 
3.2.1 The mining operation 
A brick factory is usually situated on or near clay deposits to minimise transportation 
and the associated costs. The clay is open cast -mined by means of bulldozers and 
front end loaders and typically takes place during the dry months during which time 
enough clay is stockpiled for the years' production. 
Often clays with different characteristics are found in the same area and these are 
then blended in different proportions to produce bricks with different effects and 
properties. It IS particularly advantageous for clay to have a high carbonaceous 
content since this acts as and "internal fuel" and reduces the firing energy 
requirem ents. 
Many factories retain sub contractors to mine the clay for them. This eliminates the 
capital expense of mining equipment which is typically used for only short periods at 
a time. The subcontractor will service anum ber of brick factories in the same area, 
mining enough clay for a number of months at each factory in turn. In this way the 
cost of the capital equipm ent is effectively spread between the factories. 
3.2.2 The crushing operation 
Before being formed into bricks. the clay needs to be refined to a uniform consistency 
with a particle size of approximately 2 mm. The process varies from plant to plant and 
usually involves a combination of the following machinery. 
The Lump Breaker or Disintegrator - This IS the primary crusher used to break up the 
large lumps. It consists of two toothed rollers rotating at different speeds. The large 
lumps are then broken down by a combination of a crushing and grinding action. 
The Pan crusher - The pan crusher has two large, heavy wheels which rotate on a 
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A clamp kiln is dependent on the elements. wind can cause overtiring problems and 
rain can cause undertirng. Consequently these kilns have a high scrap and, since the 
bricks have to be hand sorted. are labour intensive. In spite of this. these kilns are 
the most common type because of their low capital cost. 
The Downdraught Kiln : 
This kiln works by drawing air down through the stack of bricks and then out through 
the flue. The fire is built beh ind retaining walls around the stack of bricks and is 
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 AIRflOW 
EXHAUST 
Figure 11. Downdraught Kiln 
The Annular Kiln: 
Also called "Hoffmann" kilns or longitudinal arch kilns. This is a kiln in which the fire 
burns continuously and is advanced through the kiln. Unfired bricks are packed in 
front of the fire and fired bricks are unpacked behind. A plan view of the hoffmann kiln 
is shown in figure 12. 
Air is drawn across the fired bricks to cool the bricks and preheat the air. then into the 
firing zone. The combustion products are then either exhausted out of the flue 
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The Tunnel Kiln : 
This is the most sophisticated type of kiln and is used almost exclusively in the major 
developed countries. It has superior energy efficiency and produces top quality bricks. 
The kiln operates by creating a stable temperature protile along the length ot the kiln 
by controlling the air flow using circulating fans.. The bricks pass through the kiln on 
kiln cars and thereby pass through the pre-heat, firing and cooling zones. 
BURNERS 
I ITOd TO STACK DR~ERS . I I I 
l. l. l. 
I• -, _ COOLING ZONE +- - - FIRING ZONE 
I 
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KILN CAR MOVEMENT 
Figure 14. The Tunn el Kiln 
3.2.6 Packaging 

The packaging of the final product depends on the level of autom ation in the plant. 

The clamp operations usually unpack the clamps directly onto trucks tor despatch, 

sorting as they go. 

The more sophisticated factories either have automatic strapping machines or 
shrinkwrapping machines which make up packs of brrcks that can be easily 
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4.4 Selection of factories for visits 
It was necessary to select a numbe r of factories for individual visits from those 
surveyed. These factories needed to be a representative sample of the clay brick 
industry in South Africa and therefore the selection could not be done on a random 
basis since this may have resulted in the sample being skewed towards one particular 
type of factory or region . 
Specific criteria for selection needed to be considered and it was decided that the 
sample of factories needed to represent: 
• 	 Different geographical regions 
• 	 Different sizes of factory in terms of production output 
• 	 Different production technologies. 
Based on these criteria thirteen factories were selected. The regions represented 
were the Western Cape. Eastern Cape. Natal and Gauteng regions. The technologies 
represented were clamp kilns, Hoffmann kilns. transverse arch kilns and tunnel kilns. 
The visits to the factories were carried out as short energy audits. The procedure 
followed for the visits was : 
• 	 Make contact with the company's management and make an appointment for 
the audit. 
• 	 On arrival. tour the factory with the factory manager/engineer. 
• 	 Obtain copies of the ene rgy accou nts and produ ction figu res for the past twelve 
months. 
• 	 Walk around the factory , become familiar with the process, make sketches etc. 
• 	 After the VISit , perform analysis and identify opportunities for the improved 
managem ent of energy. 
• . 	 Write a report and hand to management. 
. 
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4.5 Results and extent of visits 
In order to evaluate the effectiveness of the survey, it is necessary to examine the 
results and extent of the survey. This is done in Table 2. 
Table 2. The extent of the survey 
TYPE OF FACTORY I NUMBER OF NUMBER OF ESTIMATED TOTAL 
LOCATION FACTORIES FACTORIES NUMBER OF 
VISITED SURVEYED FACTORIES IN S.A. 
Clamp 
- Inland 4 18 49 
- Coast 3 15 41 
Non-clamp 
- Inland 3 14 25 
- Coast 3 8 15 
TOTAL 13 55 130 
---­
In total the survey covered 42% of the factories in South Africa, which accounted for 
approximately 60% of total brick production. The production split for the surveyed 
factories is roughly fifty percent clamp kiln and fifty percent non-clamp kiln. It has 
been reported that clamp kilns account for sixty percent of total produ ction(11.31) which 
indicates that the survey may be slightly skewed towards the non-clamp production. 
The Clay Brick Association membership list which was provided for the study 
contained 75 names of factories. Cross referencing this list with the total number of 
factories sourced for the study shows that the association represents 57% of the 
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ENERGY COST PER UNIT OF ENERGY 
INLAND COAST 
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I n the light of these energy prices, the range and averages of the energy costs for the 
surveyed factories is presented in Table 5. 
















3 - 31 
10 
3 - 15 
7 
2 - 30 
10 
16 - 45 
25 
18 - 181 
59 
11 - 240 
96 
33 - 211 
79 





Average 9 18 78 105 
• In non-clamp kilns, electricity is also used for fans and kiln car movem ent. 
On the strength of t~e survey information, the clamp kilns have a higher energy 
consumption , but their average energy cost per 1000 bricks is lower than for non­
clamp kilns. This is because clamp kilns use mainly coal, whereas non-clamp kilns 
also use more expensive higher grades of energy such as H FO and gas. 
-5.7 Regional analysis of survey data 
Theprice of energy in the different regions often determ ines the choice of fuel in these 
regions. The types of energy used in each region is shown in table 6. 
Clamp operations predom inantly use coal with some in the Western and Eastern Cape 
also using H FO. For non-clamp kilns, the favoured fuel is HFO except for in Gauteng 
where gas is sometimes used. 
In the Western Cape particularly, brick factories have problems drying bricks in the 
winter due to the high rainfalls. Some factories close down production completely over 











firing clamp kilns under large roofs. 

Table 6 . . Percentages of energy used in the regions (exc/. electricity and diesel) 

REGION COAL HFO GAS 
Clamp 
Gauteng 100 0 G . 
Western Cape 98 2 0 
Eastern Cape 86 14 0 



















A clear picture of the different costs of energy between regions is shown in table 7 
which shows a comparison of the average energy consumption and the average cost 
per thousand bricks for each of the regions. 
Table 7. Regional comparison 
REGION ENERGY CONSUMPTION COST OF ENERGY 
Clamp 
(MJjKG PRODUCT) (Rj1000 BRICKS) 
Gauteng 4.39 48 
Western Cape 3.20 81 




Gauteng 3.52 127 
Western Cape 2.43 107 
Eastern Cape 121 43 
Natal 2.44 65 
- - - - - -
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Table 12. Energy cost per thousand bricks for non-clamp kilns 
DIESEL ELECTRICITY COAL, HFO, GAS TOTAL 
NC1 5.84 23 .78 90.78 120.40 

NC2 4.54 25 .94 27 .78 58.26 

NC3 14.53 31.56 35.56 81 .65 

NC4 8.00 29.69 89.58 127.27 

NC5 7.88 16.36 24 .75 49.00 

NC6 2.99 16.55 11.22 30.76 

Average 6.36 24.15 52 .34 82.85 ~ 
L--- _/.....-- ___ ___ _ _ _ _ L- __ .___' ­
Even with the high energy costs of Cl6 and Cl7, which are both Western Cape 
factories with municipal electricity supply, the factory visit data generally confirms the 
survey data. The low energy cost of NC 6 is due to the fact that the factory uses clay 
with a high carbonaceous content , and obtains coal at a favourable price. 
While statistically , the questionnaire is the more valid method of collecting the data, 
the factory visits produ ce more reliable data since the information is audited personally 
on site. The survey data can therefore be compared to the factory visit data to form 
a picture which can be considered to be fairly representative of the industry as a 
whole. 
6.4 Comparison with survey 
The large range of values makes it difficult to establish or confirm trends although on 
the whole, the factory visits do reflect the results the survey. The greatest area of 
inconsistency lies with the energy costs. 
Because the factory visits were conducted personally, the information obtained can be 
used with more confidence than the survey information which may have been provided, 
from memory by the factory manager. It is therefore useful to see how the factory 
data compares with the survey data. 
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Table 13. A comparison of survey and factory visit information 
SURVEY VISITED 
Clamp Non-clamp Clamp Non-clamp I 
Number of factories 
Energy consumption (MJ/kg) 
Diesel 
Elec 
Coal. HFO. gas 
Total 
Coast of Energy (R/thousand bricks) 
Diesel 
Elec 


















































7. COMPARISON WITH OTHER COUNTRIES 
7.1 Comparison between countries 
A straight comparison ot the SEC's ot brick making in various countries is shown in 
table 14. The countries are arranged in order ot increasing SEC. 
Table 	14. Comparison ot the brick industry in a number of countries 
COUNTRY FACTORIES PRODUCTION FUEL CONS SEC 
(UNITS) (MILLIONS OF TONS) PJ (MJ/KG) 
Morocco 77 1.50 3 1.78 
Germany 185 10.00 19 1.94 
Greece 81 2.16 5 1.96 
Ireland 7 0.95 2 1.97 
Italy 343 17.60 42 2.37 
Spain 600 12.60 30 2.40 
France 178 5.41 14 2.57 
U.K. 220 5.00 13 2.66 
Denmark 27 0.86 2 2.69 
Netherlands 63 3.10 9 2.76 
India ? 55 120 2.80 
Portugal 257 4.15 12 2.86 
Algeria 40 3.00 9 3.14 
South Africa 130 11.1 38 3.42 
Canada ? 0.84 3 3.59 . 
Australia 105 5.73 20 3.88 
p 
In terms of· the specific energy consumption South Africa has the third highest 
consumption . There are. however a number of factors that prevent the making of any 
firm conclusions. Some of these are: 
(i) 	 Large differences in clay properties (e.g. Moroccan clays hqve a high 
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8. ENERGY SAVINGS POTENTIAL 
8.1 Energy requirements 
The energy required to heat bricks is equivalen t to the energy available from cooling 
bricks. Theoretically then the only energy required for drying and firing the bricks is 
for the removal of moisture and the heat of reaction of the bricks. The energy 
required to vaporise water from a brick containing 20% moisture on a dry basis is 0.5 
MJ/kg. The energy required for reactions in firing a brick is about 0.2 MJ/kg. The 
remaining energy input constitutes losses, some of which are unavoidable. The 
following table provides a rough breakdown of energy usage. 
Table 15. Specific energy use In brick manufacture (MJ/kg) 
CLAMp 1 NON-CLAMP 
Water Evaporation 
Heal of Reaction 
Dryer Exhaust 
Suriace Heat Loss 
Firing Air Loss 
Heat Exiting in Bricks and Kiln Cars 
Miscellan eous Losses 













Total 4.0 2.9 
- Assuming open air drying. 
It is clear that the non-clamp factories are more energy efficient due to the lower 
losses. This is further illustrated in table 16 which compares a clamp kiln factory to 












16. Com of a C p K and a Tun K 
DIESEL COAL TOTAL 
CLAMP KILN 
SEC (MJ/kg) 0.10 0.03 4.16 4.30 
Cosl 12.25 5.84 36.46 54.55 
TUNNEL KILN 
SEC 0.04 0.14 3.01 3.19 
COS! (Rand!1000 400 15.00 13.00 32.00 
The tunnel k a 41 the clamp 
n to this produces  a 
the kl The non-clamp a 
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Table 17 examines the savings that would be achieved by factories working at these 
improved SEC levels. 
Table 17. Existing energy cost savings potential 
CLAMP NON-CLAMP TOTAL i 
Present Average SEC (MJ/ kg) 
Improved Average SEC (MJ/kg) 
Saving 
Present cost of Energy (R million/anum) 

















In practise some factor ies will be able to achieve even lower SEC's while others will 
not be able to reach the improved level. Overall though, there is the potential for a 
cost saving of R 139 million by factories improving their energy consumption to an 
improved SEC level . 
8.3 Ener~JY savings potential by changing technology 
If factories change technolog ies to more efficient methods, such as installing tunnel 
kilns at existing clamp kiln factories. there is an added potential for energy saving. By 
using the improved SEC for non-clamp kilns for the previous section, table 18 shows 
the savings potential . 
Table 18. Energy savings potential for change in technology 
Present Average SEC (MJ/kg) 





Present cost of Energy (R million/anum) 








Table 18 suggests that almost half of the cost of energy can be saved by changing 
technology and operating at the improved SEC. There are however some barriers to . 
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9.1.2 Power factor correction 
A simplified explanation of power factor is as follows: 
The coils of an electrical motor or a transformer store energy in the form of a magnetic 
field. This is termed reactive power and forms part of the maximum demand in Volt 
Amperes. The power factor is the ratio of power consum ed in the machines, in Watts, 
to the power supplied to the factory in Volt Amperes. This power factor can be 
corrected by Installing banks of capacitors thus reducing the reactive power 
component of the demand charge. By installing power factor correction equipm ent a 
factory typically saves between 10 and 25% of their maximum demand charge which 
makes up in the order of 30% of their total bill. 
Generally, the larger factories surveyed have power factor correction equipm ent 
installed but very few smaller factories do in spite of the savings possible. Some 
factories are charged for their power per kilowatt and so there is no penalty for 
reactive power. 
Case Study. One factory installed power factor correction equipment at a cost of R9000. This resulted 
in savings of R 1 000 per month in maximum demand charges, making payback on the installation less 
than one year. 
9.1.3 Load management 
In a typical industrial factory, electricity use peaks at mid morning with a slight drop 
at lunch time and then tapers off towards evening. The maximum demand is the 
highest level (normally averaged over a half an hour) reached in the month which is 
then charged at the prescribed rate. 
Load management means trying to keep the maximum demand as low as possible. 
This can be done by spreading the load through the day and not using high power 
equipment all at once. For example building up a stockpile by running the crushing 
section without the extruder operating and then switching over and extruding from 
stockpile with the crushing section switched off. Some factories that were visited did 
this .but the majority ran machinery simultaneously and kept stockpiles only for 
emergencies. 
The efficiency with which electrical load is managed can be determ ined by the load 
factor. The load factor for electrical supply is defined as the ratio of the actual 
kilowat(-hour consum ptlon, to the product of maximum demand and number of hours 
















a tries to as 
curve as either by having it m 
it of the day. By or 
) 
Iy 
a a strategy can be develo some 
over the day -
load 




11.2 , .. 
o load Factor 
over more 
Load shedcJlng 














exam the the and 




for the more efficient use areas of 
handling I use. 
1 
a number of to 
a is filter 
The 
must be crusned betore to clav and cost 




on a on m with 
un is 
when 
5 End use 
In ous kilns should automatic to ensure 
excess and 
and coal m 
autom ic would in areas; unburnt 
r. 
ple water supply 
ined 
alarm is activated and the 
effect of this is similar to improving 
Coal the most widely 
Opportun 
, and end 
Coal type is selected for  
considered before final 
works out 28% more expensive 
adding 
into account. Savings 
type. 
Supply 
Coal prices vary 
compare periodically. 
storage of coal IS an area 
stockpiles are often not covered 
when stored gravel surface 
ing usable, this 
9.2.4 Handling 
needs to be taken 
that is transported by front end 
9.2.
i fired continu i
optimum 
unburnt coal being 
bricks and forms an insulating 
















Opportunities for optimising the use of HFO lie in the maintenance of equipment and 
the accurate metering of consumption. 
The burners should be serviced regularly and should be run in accordance with the 
manufactu rers specifications. Part of this is ensuring the HFO is delivered at the right 
temperature and that the supply pipes are trace heated. HFO requires a pumping 
temperature of about 45 ° C and an atomising temperature of 100° C. Too large a 
variation on this makes the burner operate inefficiently. 
The supply piping from the storage tank to the burner should be inspected regularly 
for leaks. 
9.4 Gas 
The same procedures as for HFO apply for gas in the maintenance of burner 
equipment and piping. 
Gas is charged out by determining a combined load factor based on hourly and daily, 
average and maximum demands. For 1995, the formula was: 
1560 
TARIFF (R / GJ) 
FACTOR 1.084LOAD 
For a load factor of 90% or more. the tariff is R11.87 per GJ. For a load factor of less 
than 40%, the tanff is R30.76 per GJ . A load factor between 40% and 90% is charged 
according to the formula above. In graph form. this formula is shown in figure 16. 
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As with electricity. an improvement of gas load factor will result in a lower tariff. 
9.S Diesel 
Diesel is mainly used for the mining of the clay and the transport of bricks within the 
factory. Energy saving opportunities lie in the maintenance of vehicles and 
managem ent. 
Regular maintenance work should be performed to keep vehicles running optimally. 
Drivers should also be given training to drive more fuel-efficiently. 
One factory that was visited kept detailed consumption records for all diesel equipment 
on site. By referring to previous months consum ption figures, any increase in fuel 
consumption of a particular vehicle could be acted on. 
9.6 Compressed air 
Compressed air is one of the most expensive industrial services to provide. Even so 
it is often the most neglected and badly maintained service in a factory. 
The compressor is the starting point in the compressed air circuit and consequently 

it must be ensured that it runs efficiently. The inlet air to the compressor should be 

dust free and as cool as possible, filters should be inspected and cleaned regula rly. 

Water in the compressed air system corrodes pipes and generally reduces efficiency. 

Water traps should be Installed and maintained. The air should be compressed to as 

Iowa pressu re as possible. Reducing the delivery pressure by 20% reduces power 

requirements by up to 10%. 

Because compressed air leaks are seen as non threaten ing compa red to a fuel leak, 

they are often Ignored or given a low priority for maintenance. Table 19 shows the 

cost of compressed air leaks for different size leaks. 

Table 19. Cost of compressed air leaks 

HOLE AIR LEAKAGE POWER TOTAL COST 









3 42 3.5 5077 
5 110 8.9 13298 
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Case Study. A clamp kiln factory which has recently started adding small three hole perforations in 
their bricks claims that their drying time has been cut in half. 
9.9 Additives to the brick 
Additives to bricks include those to reduce water content and those to reduce firing 
temperature. An additive to improve extrudability and thus reduce moisture content 
is being used at some factories but is expensive. The question of additives for 
reducing firing temperatures needs to be the subject of further investigation. 
9.10 Moisture content 
The moisture content of the clay at extrusion must be optimised. A high moisture 
content reduces extrUSion energy but increases the energy required for drying. The 
factors that must be considered when optimising water content are extrusion energy, 
drying energy and the potential for cracks to form during the drying and firing 
processes. 
9.11 Scrap 
The production of scrap represents one of the biggest areas of wastage in the brick 
industry. Scrap rates for clamp kilns are approximately 20% which represents a direct 
waste of energy. In the following case study, a factory saves 15% of energy by 
managing scrap more effectively. 
Case Study. One of the clamp kiln factories visited had a comprehensive scrap management system 
in place. The factory kept a detailed account of production at each step and incentives were offered 
to the workers for reducing scrap. The scrap rate was claimed to be less than 5%. 
9.12 Research support 
There is a need for more research into the brick making process in S.A. 
• A co-operative effort to develop a locally designed and manufactured tunnel 
kiln. This would place the energy saving benefits of tunnel kiln bricks within the 
reach of more factories. 
• A central research organisation funded by the industry. The organisation would 
collect energy Information and trends and dissem Inated to industry without 
comprom ising confidentiality. 
The brick industry is fragmented and few companies have the resou rces to pursue 
these issues alone. The CSA therefore has an important role to play in the following 
area. 
















Research support . 
Demonstration projects on new technolog ies and good practise. 
Establish ties with overseas brick organisations e.g. British ceramic research 
institute. 
• Organise seminars and workshops. inviting overseas and local speakers. 
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UNIVERSITY 	OF CAPE TOWN - ENERGY RESEARCH INSTITUTE 
BRICK INDUSTRY - QUESTIONNAIRE 







1. Please indicate the percentage of production each process accounts for 
STAGE PROCESS PERCENTAGE OF 
PRODUCTION 
Drying Open Air 
Chamber 
Tunnel 
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3. Technologies used? 
Drying: ___ _________ for ___ % of production 
for ___ % of production 
Firing: for ___ eYo of production 
for ___ % of production 
4 Approximate Annual production? ____________________ 
5. 	 Percentage Split between 
Summer: % 
Winter : % 
6. Quantities of Different forms of Energy used? 
Coal: 
Duff: tons per 
Filter Cake: tons per 
Peas: ______________tons per 
Nut: tons per 
HFO: litres per 
Diesel : litres per 
Petrol: ____________ litres per 
Gas: _______ [GJ][m3] per 
7. 	 Typical monthly Electricity consum ption? 
kVA: @ R/kVA 
kWh: @ ____ R/kWh 



























































EXEC UTIVE SUMMAR Y 

This report sets out the results of a short energy audit carried out at CL3 brick factory. 
CL3 fires bricks in a clamp kiln, using nut coal as the base fuel with duff coal being added 
to the body of the brick. Prior to the firing operation, the clay is extruded and wire cut into 
bricks which are dried in chamber driers fuelled by furnaces burning coal cobbles. 
The average specific energy consumption for CL3 is 5.9 MJ/kg and the average cost of 
energy is R49.25 per thousand bricks. This SEC is higher than the industry average of 4.01 
MJ/kg although the cost of energy is below the industry average. The reason for the low 
cost of energy is the extensive use of coal , and the fact that the factory is located in the 
Gauteng area with a relatively low coal price. 
The dryer at CL3 is the main source of energy loss. Most clamp kiln operations dry bricks 
in the open air and so the use of the chamber dryer at CL3 represent an extra energy input. 
In addition to this. the ducting of hot air from the furnace to the dryer is inadequately 
insulated, resulting in losses estimated to be equivalent to 30 kg of coal per hour. 
CL3 also appears to have a high duff coal consumption, with roughly 10% duff coal per 
volume being added to the clay during the forming operation. This is well above the 
industry average and the effects of reducing this should be examined. 
In conclusion, energy efficiency relies on management practises. CL3 already have a sound 
management system in place and it would not require any major changes to include energy 
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Figure 1. Total Energy used per month 
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Figure 3. Specific Energy Consumption 
Comments: 
Specific energy consumption is obtained by dividing total energy by production. It is more 
commonly expressed in the form of MJ/kg thereby enabling different factories producing 
different size bricks to be compared. 
For CL3, the average SEC is 17.84 MJ/brick or, at 3 kg per brick, 5.9 MJ/kg. This energy 
is split up as follows: 
NUTS (22.1 %) FF (56.5%) 
Figure 4. Energy use per brick (Total energy = 17.48 MJ/brick) 
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Figure 5. Cost of energy per brick (Total cost = R49.25/1000 bricks) 
The energy used can be divided up into processes as follows: 
Mining and transportation (Diesel); 
Crushing and Forming (Electricity); 
Drying (Coal cobbles); 
Firing, Body (Duff); 
Base (Coal nuts); 
82 
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4. COMPARISON OF SEC WITH INDUSTRY AVERAGES 
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Table 1. 	 A comparison of energy per process with the industry averages for all 
types of kiln 
PROCESS CL3 INDUSTRY 
(MJ/KG) AVERAGE 
(MJ/KG) 
Mining 0.07 0.06 
Forming 0.08 0.10 
Drying 1 .11 0.37 
Firing, body 3.29 1.49 
base 1.29 1.22 
The majority of Clamp kiln factories dry bricks in hack lines in the open air and hence have 
no energy input for drying. This brings the industry average down. 
5. GENERAL COMMENTS 
5.1 Drying 
The largest potential for energy saving is in the drying process. Much of the ducting is not 
insulated leading to heat loss to the surroundings. Roughly 130 m2 of ducting at 1500 C 
above ambient temperature is uninsulated. This equates to a heat loss of 859 MJ or 30 kg 
of coal per hour. 
In addition, some of the dryer doors do not close properly causing more heat loss to the 
surround ings. 
The scrap rate of clamp kiln factories is another large source of energy wastage. In some 
cases up to 20% of produ ction is lost in th is way. 
5.2 Energy management 
Often, substantia I benefit is derived from merely keeping track of energy use. Increases in 
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Th is report sets out the findings of an energy audit performed at NC3 Brickworks. The 
audit forms part of a project commissioned by The Department of Mineral and Energy 
Affairs to investigate the establishment of a national industrial energy audit scheme. 
The audit proceeded as follows . Energy accounts and production figures for a twelve 
month period were examined after which a walk through survey of the factory was 
conducted. The accounts provided a figure for specific energy consumption (SEC) to 
be compared with industry standards. The walk through sUNey was to identify 
inefficient use of energy, and note areas requiring further investigation. 
The overall specific energy consumption was calculat d to be 3.9 MJ/kg which is 
similar to the national average of 4 MJ/kg. Overseas. the newer factories operate at 
between 1.5 and 2 MJ/kg. 
Suggestions for improving energy efficiency and estimated cost savings are as follows: 
Reducing the electrical maximum demand could result in significant savings. 
Improving the methods of handling coal will also result in savings. 
The possibili ty exists to replace coal with either Coal Tar Fuel or Gaskor Gas 
as the primary fuel. The options need to be thoroughly investigated and money 
may be better spent upgrading the coal handling system . 
An uninsu lated duct four meters long and a half a meter wide with a surface 
temperature of 200 : C above ambient wastes two tons of coal per month. 
Insulating all exposed surfaces at NC3 will save such wastage. 
A monthly energy consumption summary should be produced to enable 
changes in use and costs to be investigated immediately. 
This repo.rt is not meant to be a detailed energy analysis. The feasibility of 
implementing some of the changes suggested in it need to be the subject of further 
study. The measures relating to housekeeping and management , however, should be 
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This report describes the findings of an energy audit conducted at NC3. 
There is often a lack of awareness in industry of the benefits of using energy more 
efficiently and many companies are not willing to invest in exam ining energy use. In 
some countries the government facilitates the examination of energy efficiency by 
means of a national industrial energy audit scheme. Although details and 
methodologies of these schemes differ from country to country, all have met with 
success and are being continued or being expanded. 
In the light of this and due to the fact that the manufacturing sector accounts for 
approximately 46% of the total energy requirements of South Africa(1), the Department 
of Mineral and Energy affairs has comm issioned a project to investigate establishing 
a national industrial energy audit scheme in South Africa. Part of the project involves 
performing energy audits on sample factories from a particular industrial sector. The 
industrial sector chosen is the structural clay industry which accounts for approximately 
6% of total industrial energy consumption. 
The objectives of this report are to examine energy usage in the production of bricks 
at NC3 and identIfy possible energy saving opportunities. This was done by analysing 
the energy accounts and production figures for a twelve month perrod, and conducting 
a "walk through" factory visit. 
This report is not a detailed energy analysis. rather a brief overview of energy use and 
identification of some erlergy saving opportunities. An in depth analysis would take 
more time and resou rces. yielding more detailed and precise results. This report 
should be viewed as the first step to energy efficiency, highlighting areas for further 








































2. GENERAL DESCRIPTION 
The clay IS mined on the property and formed into bricks which are then dried in a 
chamber drier and fired in a tunnel kiln. 
2.1 Description of the process 
Figure 1 shows a schematic diagram of the process. 










U 8ITRUDER ~ I 
DRIER 
KILN 













mlnlna is perform by bul rs and m is 
middle and bottom prope 
in clays are then m in 
t on is m re is 
through a er a 
another m and into 
is umn is 
19% reo umn is cut d onto 
Drying In two are In a for 
5 Ih h 
lated. are 
and the other by two fi maces. 
are to the circu kiln to be 
fi briCKS are stacKed on a One 
sees one are 
30 day and total rs. 
is by duff 	 which is fed into firing zone by 
um temoerature reacned in the kiln is 1 
na and 

















of B p 
non brick and paver briCKS are 
110 mm x 
mm x 
10 mm x 
ceramic 
one. 
are as follows. 
mm ... "<e'" •••• 3.4 
mm .............. 8 
mm ................ 2.5 
investigation are 
briefly: 
re are three clay layers. top. m 
layer is mainly topsoil and not 





layers sensitivity to d 
cover. 
fi ran Iy c. 
area 
















2.3 Production quantities 
Average production is between 1.5 million and 2 million units per month. Figure 2 
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Figure 2. Monthly production figures 
There was no productIon In January and reduced figures for December and February. 











3. ENER GY CONSUMPTION AND COSTS 
This section anaiyses the consumpt ion and costs of the various types of energy used. 
The information used in the analysis was provided by NC3 in the form of a computer 
printout. 
3.1 Electricity 
NC3 is supplied electricity by Eskom on tariff A. 
Consumption: 
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The maximum demand increases between February and June. At this point, power 
factor correction equipm ent was installed and from August onwards demand stabilised 











December shutdown period as expected. 
Cost: 
Figure 4 shows the total cost of electricity per month . 
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Figure 4. Total cost of electricity per month 
3.2 Coal 
Coal is used in three forms. duff coal in the kiln, pea coal in the drying furnaces and 
coal fly ash as an additive to the bricks. These types of coal will be dealt with 
separately. 
Duff Coal: 
Duff coal is the principal fuel and is used in the firing zone of the kiln. Figure 5 shows 
duff coal consumpt ion. 
The figures are for coal purchases: so the peak in March is due to stockpiling for the 
election period and the slight falloff in the following months is due to the stockpile 
being used up. 
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Figure 5. Duff coal consumption 
Pea Coal: 
The figures for pea coal consumption were not available tor 1994. Figures were 
provided for the years 1983 to 1991 however, and the consum ption was estimated 
from these. relative to the actual duff coal consumption. Figure 6 shows estimated 
pea consum ption. 
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Coal Fly Ash: 
Coal fly ash is used as a carbonaceous additive to the clay. It has a low calorific 
va lue and is obtained at negiigible cost. For the purposes of this analysis the 
consumption is estimated at 16 tons per month and the calorific value at 14 MJ/kg. 
3.3 Diesel 
Figure 7 shows diesel consumption over the year. The large purchase in April is 
stockpiling before elections. otherwise purchases increase steadily through the year. 
This increase is in line with production figures (figure 2) and other energy purchases. 
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Figure 7. Diesel consumption 
3.4 Total energy use 
Figure 8 shows the monthly use for each energ y carrier. This shows that the total 
energy consum ptlon IS largely influenced by the coal consumptions . Taking the costs 
of the respective forms of energy into account. however. shows electricity and diesel 
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Another way of showing this difference is with a proportional split of energy per brick 
in figure 10 and the cost of energy per brick in figure 11. 
DIESEL. 0.3 MJ 
FLY ASH 0.1 MJ 
,~ 
3'" 
PEA COAl 4.3 
J~ 
MJ I 
CUFF COAL. a.5 IoU 
!ft 
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Figure 11. Cost of energy per brick (Total cost = RO-051) 
3.5 	 Energy losses 
Theoretically. the energy required to dry and fire a brick 	is as follows: 












= 0.7/3.3 kg water/kg brick x (2647 -126) kJ/kg 

= 0.54 MJ/kg. 

- Energy necessary for reactions in the brick = 0.2 MJ/kg. 

The total theoretical energy requirement therefore is 0.74 MJ/kg. 
All energy supplied over this minimum goes to losses, and the energy efficient 
operation reduces these losses as much as econom ically and practically possible. 
NC3's energy per brick as shown in figure 10 is 11.7 MJ. The Specific Energy 
Consumption (SEC), therefore, at an average 3 kg per brick, works out to 3.9 MJ/kg. 
Thus losses = 3.9 - 0.74 = 3.16 MJ/kg. 
For a tunnel kiln. these losses can be divided as in table 2 according to percentage 
estimates made by Heimsoth(2) 
Table 2. Breakdown of losses 
Type of loss % Comments on reducing lossesMJ/kg 
Insulation of exposed surfaces i) Surface losses 1 ,11 35 
0,44 More effective cooling , lower thermal 
and kiln cars 
ii) Heat exiting in bricks 14 
mass of the cars 
Recover heat before exhausting Iiii) Flue gas losses 1.39 44 















3.6 	 Comparison of specific energy capacity 
The estimated average Specific Energy Consumption in the Brick Industry in South 
Africa is about 4.0 MJ/kg, and the new factories overseas operate at between 1.5 and 
2 MJ/kg(1 ). NC3 has a SEC of 3.9 MJ/kg which is average for the industry. 
4. 	 SURVEY OF ENERGY USE AND IDENTIFICATION OF ENERGY SAVING 
OPPORTUNITIES 
This section identifies where and how energy is used in the factory as well as noting 
potential energy saving opportun ities. Appendix A 1 gives details of calorific values 
and unit costs of different types of energy. 
4.1 	 Electricity 
The load factor for electrical supply is defined as the ratio of the actual kilowatt-hour 
consumption , to the product of maximum demand and number of hours in a month. 
k Wh 
L. F- k VA .. 720 
In the case of NC3. the load factor ranges from 0.43 to 0.50. Improving the load 
factor to 0.55 for instance will save between 1 and 3 cents per kWh of electricity 
purchased . The annual electricity cost for NC3 assuming an unchanged demand 
pattern will then be R328 495 in comparison with the actual figure of R398 126. A 
saving of R69 631 for the year. 
Improvement of load factor is achieved by reducing maxim um demand. This can be 
done by sequenc ing the startup of machinery so as to avoid a sudden peak and by 
rescheduling high demand operations to off peak times. Devices are available such 
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Both CTF and gas are considerably more expensive than using duff coal. Also, this 
comparison doesn 't take into account the conversion costs associated with changing 
to a new fuel. The money may be better spent upgrading the coal handling system. 
4.4 Insulation 
There are some surfaces at NC3 that are not insulated. A duct four meters long and 
a half a meter in diameter with a surface temperature of 200 0 C above ambient loses 
approximately 25 kilowatts of heat. The total energy lost in a month, therefore, is 
25kW 720 y 3600 seconds = 64800MJ. This is equivalent to two tons of coal per y 
month. 
5. ENERGY MANAGEMENT AT NC3 
If energy usage is closely monitored through examination of energy accounts and 
production figures. then large energy losses or incorrect billing can be acted on 
immediately. It is therefore recommended that an energy summary for NC3 be 
produced on a monthly basis. Such a summary can be produced on a computer using 
. a spreadsheet. All that is required is that at the end of each month the accountant 
enters information from all the energy accounts into the spreadsheet. The 
spreadsheet will then autom atlcally calculate energy costs and consumption and 
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6. CONCLUSIONS AND RECOMMENDATIONS 
NC3 has an average specific energy consumption . The fact that a tunnel kiln 
opera tion such as this should operate below this average prompts the first 
recommendation to be the undertaking of a thorough energy analysis. Detailed 
recommendations with supporting data and calculations can only be made after a 
number of days on the site. A brief visit such as this report is based on can only 
highlight areas for further study and these are listed below. 
Improving the electrical load factor could result in significa t savings. 
Wastage occurs during the handling of the coal. Improved methods of 
handling could result in savings. 
The drying process needs to be exam ined with regard to more efficient use 
of kiln waste heat. 
Both Coal Tar Fuel and Gaskor Gas are options for fuel switching. This 
possibility needs to be thoroughly investigated since both of these will be 
more expensive than duff coal. Money may be better spent upgrad ing the 
coal handling system . 
Insulating all exposed surfaces is a good start towards energy efficiency. 
Payback periods for insulating are generally within the year. Insulating a duct 
four meters long and a half a meter wide with a surface temperature of 200°C 
above ambient saves two tons of coal per month. 
Large energy losses or incorrect billing can be acted on immediately if energy 
usage is closely monitored. It is recommended that an energy summary for 
NC3 be produced on a monthly basis to effect this. 
Measures such as fuel switching and reducing electrical load factor by rescheduling 
production require further analysis before a firm decision can be made. A monthly 
energy summary, however, can and should be produced immediately as a first step 
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COMPARISON OF DIFFERENT FORMS OF ENERGY - INLAND 
TYPE OF ENERGY 





























Electricity kWh 3600 0.22 6.09 
H.F.O litres 41000 0.67 1.64 
Petrol (prem ium) litres 34700 1.76 5.07 
Diesel litres 38800 1.51 4.20 
Paraffin litres 37500 1.02 2.73 
L.P.G litres 27400 1.16 4.23 













THE EFFECT OF MOISTURE CONTENT ON THE COST OF COAL 
ENERGY 
Samples of various types of coal were obtained from a coal supplier. These samples 
were weighed and then allowed to air dry in order to determine moisture content. A 
sample of filter cake was obtained independently from a brick factory as delivered from 
a different depot of the same supplier. 
The moisture contents were found to be: 
Filter Cake 13 % 
Duff Coal < 1 % 
Pea Coal < 1 % 
Small Nuts < 1 % 
Large Nuts < 1 % 
The samples obtained from the supplier all had a moisture content of less than one 
percent while the filter cake contained 13% moisture. 
There could be a number of explanations for the differences. The coal is periodically 
sprayed with water at the depot to suppress dust and to reduce explosion and fire 
hazards. The moisture content would therefore vary considerably dependin,g on when 
last this has been don e. During transpo rtation also the coal needs to be moist to 
prevent it from being blown off the back of the truck. 
The calorific value of coal is usually determined on an air dried basis but will be 
affected by moisture content . A theoretical analysis of this effect and the cost per unit 











       L 
l I  f l  l li l
   tent  
t l  
O l
 




i    l i i
r  OI  l t  l    
l t i  U  rt ti l   t 
t it  l    
 l ri i l  l i  ll t r i  i  i  t ill 
ff t   O  ti l l i  f i  f t  it 












% TYPE OF COAL 
I 
WATER J 
CAKE DUFF PEAS SMALL LARGE I 
NUTS NUTS 
COST (R/ton) 55.00 60.00 65.00 65.00 65.00 
0 C.V (MJ/kg) 21.6 24.8 27.9 28.2 24.9 
COST (c/MJ) 0.25 0.24 0.23 0.23 0.26 
5 C. V (MJ/kg) 20.4 23.5 26.4 26.7 23.5 
COST (c/MJ) 0.27 0.26 0.25 0.24 0.28 
10 C.V (MJ/kg) 19.2 22.1 24.9 25.2 . 22.2 
COST (c/MJ) 0.29 0.27 0.26 0.26 0.29 
15 C. V (MJ/kg) 18.0 20.7 23.4 23.6 20.8 
COST (c/MJ) 0.31 0.29 0.28 0.28 0.31 
20 C. V (MJ/kg) 16.8 19.4 21.9 22.1 19.5 
COST (c /MJ) 0.33 0.31 0.30 0.29 0.33 
25 C.V (MJ/kg) 15.6 18.0 20.4 20.6 18.1 
COST (c/MJ) 0.35 0.33 0.32 0.32 0.36 
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Figure 02.2 Cost per unit energy vs moisture content 
